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(57) ABSTRACT 

A novel communication channel structure and method in a 
Wireless communication system is provided. In an embodi 
ment of the invention, the communication system includes a 
base station and a plurality of subscriber stations and the 
subscriber stations are given access to a variety of channels, 
including at least one uplink data channel. The uplink data 
channel can operate in at least a random access mode and a 
polled access mode. The base station informs each sub 
scriber station it serves of the current mode of the uplink 
channel via an associated doWnlink signaling channel and, 
in random access mode, each subscriber station is able to 
randomly access the shared uplink channel. In polled mode, 
each subscriber station Waits for permission from the base 
station before sending data over the shared uplink channel. 
A method of operating the system monitors the collisions 
Which occur on the uplink channel in random mode and/or 
the amount of data and/or the data’s priority level and/or 
QoS requirements and sWitches the system between random 
and polled modes as appropriate. In polled mode, the 
method determines Which subscriber stations should access 
the uplink and When. 

25 Claims, 5 Drawing Sheets 
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COMMUNICATION CHANNEL STRUCTURE 
AND METHOD 

FIELD OF THE INVENTION 

The present invention relates telecommunication systems 
that carry data, voice and/or other services over a commu 
nication link, and more particularly relates to a channel 
structure and method for operating such communication 
links. 

BACKGROUND OF THE INVENTION 

Telecommunication services have undergone tremendous 
advancement in the last decade. As an example, Wireless or 
cellular telephone systems have noW become largely ubiq 
uitous. The advancement from analog cellular telephones, to 
more sophisticated digital telephones that utilize multiple 
access techniques such as CDMA or GSM has been very 
rapid. 

Cellular digital telephone netWorks have been engineered 
primarily to carry voice communications, meaning the con 
nections provided have a ?xed maximum data rate, a loW 
latency (as voice communication is sensitive to latency) and 
the connections can tolerate relatively high error rates (as 
voice communication can tolerate such error rates). 
More recently, attempts have been made to o?cer data 

services (i:e. such as Web-broWsing) over existing cellular 
digital telephone netWorks, but in general these services are 
unacceptably sloW, because such services have different 
requirements than voice communications. Speci?cally, 
While data services can accommodate relatively high laten 
cies, they generally require loW error rates. 

Indeed, another example of recent advances in telecom 
munication services has been the deployment of IP protocol 
netWorks (such as the Internet and other networks), Which 
have been primarily designed to transmit data. The Internet 
is an example of a netWork that is optimized for a relatively 
loW error rate, but Which is generally tolerant of latency. 
This optimization has lead to the result that the Internet is a 
poor medium for carrying voice services. 

Recently, much has been Written about “convergence”, 
Wherein the next generation of telecommunication netWorks 
Will be engineered to carry voice, data and other services. 
Such netWorks are expected to be ‘smart’, in that they Will 
dynamically vary their prioritization of errors and delay, 
according to the quality-of-service (“QoS”) requirements of 
the service being carried over that netWork. Indeed, much 
hope Was expressed for the so-called “3G” or third-genera 
tion of Wireless phones, Which Were to o?cer good quality 
voice service and data services at high speeds and loW error 
rates. To date hoWever, the expectations of 3G have not been 
met, as the challenges of providing such netWorks have 
proven more greater than expected. 

It is recognized, hoWever, that the communication struc 
tures that Will be required to deliver voice, data and other 
services at a appropriate QoS can be divided into tWo 
categories: delivering the service from the netWork to the 
subscriber, and delivering the service from the subscriber to 
the netWork. In Wireless netWorks having a base station 
Which communicates With a plurality of subscriber stations, 
the former category is typically knoWn as the “doWnlink” 
and is a one-to-many link, and the latter category is knoWn 
as the “uplink” and is a many-to-one link. 

The 3G standard, available from a variety of sources 
including the Web site of the Third Generation Partnership 
Project (3GPP) organization (WWW.3gpp.org) includes a 
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2 
channel structure that is intended to provide an uplink for 
voice, data and other services at a high QoS. The 3G channel 
structure includes a DDCH (dedicated data channel) Which 
is intended to provide loW latency connections for voice 
services in both the doWnlink and uplink directions by 
reserving transmission resources and a CPCH (common 
packet channel) Which is intended to provide loW error rate 
connections for bursty, latency tolerant, packet-based data 
on the uplink. In simple terms, the CPCH alloWs a plurality 
of subscriber stations to share an uplink to a base station by 
alloWing them to randomly access that common channel. 
The CPCH is described in detail in the 3G documents and is 
also described in Us. Pat. Nos. 6,169,759 and 6,301,286 to 
Kanterakis et al. 

In a very simpli?ed explanation, the subscriber stations 
served by the Kanterakis CPCH transmit a loW poWer 
pre-de?ned sequence to the base station, the sequence rep 
resenting a request by a subscriber station for permission to 
transmit on the CPCH at a future time. Once the sequence 
is transmitted, the subscriber station listens to a correspond 
ing doWnlink channel from the base station for an authori 
zation or denial to transmit. If the subscriber station does not 
receive either an authorization or denial from the base 
station, it Will rebroadcast the request sequence to the base 
station at a higher poWer level, repeating the process until it 
receives a denial or authorization. If the subscriber station 
receives a denial of permission, it makes another request to 
the base station after a random delay. If the subscriber 
station receives an authorization, it sends a second request to 
the base station to con?rm the authorization Which reduces 
the chance that two different subscriber stations have made 
the same request at the same time. If it then receives a 
second authorization on the corresponding doWnlink chan 
nel, the subscriber station can commence transmitting on the 
CPCH at the appropriate time and poWer control information 
for the transmission on the CPCH is transmitted from the 
base station to the transmitting subscriber station on yet 
another channel designed for this purpose. Each of these 
circumstances and the operation of the CPCH is described in 
more detail in the above mentioned documents. 
The inventors of the present invention have determined 

that, While the CPCH structure can provide loW latencies and 
a reasonable bandWidth utilization e?iciency at loW utiliza 
tion levels (ieifeW users With little data to send), the 
performance and ef?ciency of the CPCH structure decreases 
signi?cantly at higher utilization levels (i.e.imany users 
and/or large amounts of data to send). As Will be apparent to 
those of skill in the art, as is the case With all random access 
techniques, as more subscriber stations attempt to access the 
CPCH, more collisions Will result Wherein tWo or more 
subscriber stations request permission to transmit at the 
same time. Because the mechanism for dealing With such 
collisions in the CPCH is to have the denied subscriber 
stations retry their request at random intervals, the mecha 
nism quickly degrades to a very loW level of ef?ciency When 
the number of subscriber stations increases and the latencies 
and bandWidth utilization ef?ciency can quickly reach unac 
ceptable levels. 

In the 3G system, the CPCH channels are typically 
over-provisioned in an attempt to mitigate this degradation. 
It is contemplated that bandWidth utilization ef?ciencies for 
the CPCH Will not often surpass thirty percent of the 
maximum theoretical channel capacity. 

Another technique for dealing With congested CPCH’s is 
to transfer certain subscriber stations to DDCHs for their 
uplinks but, While this can result in good latency times, it 
results in poor utilization of radio resources as DDCH 
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channels are not shared and are not radio resource ef?cient 
When transmitting bursty data. 

In general, the inventors of the present invention believe 
that the CPCH can offer good performance for bursty data 
traf?c at loW levels of utilization, but is not suitable for 
higher levels of utiliZation. 

It is therefore desired to provide a communication channel 
structure and method Which makes e?icient utiliZation of 
radio bandWidth and Which is capable of providing loW 
latency and/or loW error rate communications. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a novel 
communication channel structure and method that obviates 
or mitigates at least one of the disadvantages of the prior art. 

According to a ?rst aspect of the present invention, there 
is provided radio communication system comprising: 

a base station; 
a plurality of subscriber stations; 
a channel structure operating betWeen said base station 

and plurality of subscriber stations, said channel structure 
including at least one uplink channel and an associated 
doWnlink control channel shared by at least tWo of said 
plurality of subscriber stations and said base station, said 
associated doWnlink control channel indicating to said at 
least tWo subscriber stations Whether said uplink channel is 
in polled mode, Wherein one of said at least tWo subscriber 
stations is speci?ed to next transmit to said base station, or 
random mode Wherein any of said at least tWo subscriber 
stations With data to be sent to said base station can next 
transmit to said base station. 

Preferably, When a subscriber station is speci?ed to next 
transmit to the base station, the transmission from the 
speci?ed subscriber includes an indication of the amount of 
data Waiting to be transmitted from the speci?ed subscriber 
station. Also preferably, When the data is transmitted over 
the at least one uplink channel in random mode, the asso 
ciated doWnlink signaling channel subsequently provides an 
indication of successful reception at said base station. Also 
preferably, the base station further includes a scheduler 
Which determines the amount of data to be transmitted from 
the at least tWo of the plurality of subscriber stations to the 
base station and places the at least one uplink channel into 
random mode When the determined amount is less than a 
predetermined amount and in polled mode When the deter 
mined amount is not less than the predetermined amount. 
Also preferably, the scheduler also compares the amount of 
data to be transmitted from each of the at least tWo of the 
plurality of subscriber stations to a second predetermined 
amount and places the at least one uplink channel into 
random mode When the amount of data to be transmitted 
from each of at least tWo of the plurality of subscriber 
stations is less than the second predetermined amount and in 
polled mode When the amount of data to be transmitted from 
any of at least tWo of the plurality of subscriber stations is 
not less than the second predetermined amount. 

In another preferred aspect, the scheduler places the 
uplink channel into random mode until the number of 
collisions Which occurs Within a given time period exceed a 
predetermined number When the scheduler Will place said 
uplink channel into polled mode. 

Preferably, the system includes at least tWo uplink chan 
nels and associated doWnlink control channels, the base 
station assigning different sets of the plurality of subscriber 
stations to use each of the tWo uplink channels. Also 
preferably, a ?rst one of the at least tWo uplink channels has 
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4 
a transmission capacity greater than a second one of the at 
least tWo uplink channels and the base station assigns 
subscriber stations With higher transmission capacity needs 
to the ?rst one uplink channel and assigns subscriber stations 
With lesser transmission capacity needs to the second one 
uplink channel. Also preferably, the assignment of the 
subscriber stations to said uplink channels is revieWed 
periodically and the subscriber stations are reassigned 
betWeen the ?rst one and said second one uplink channel as 
appropriate. 

Also preferably, the associated doWnlink signaling chan 
nel also provides transmission poWer control information to 
a subscriber station transmitting on the uplink channel. Also 
preferably, a transmitting subscriber station does not trans 
mit payload data until it receives a selected amount of 
transmission poWer control information from the base sta 
tion. 

According to another aspect of the present invention, 
there is provided a method of operating a radio communi 
cation system including a base station and a plurality of 
subscriber stations, the system having a communication 
channel structure including at least one uplink channel and 
an associated doWnlink control channel shared by at least 
tWo of said plurality of subscriber stations, the method 
comprising the steps of: 

(i) said base station placing said at least one uplink 
channel into one of a random mode and a polled mode; 

(ii) communicating to said at least tWo subscriber stations 
via said associated doWnlink control channel the operating 
mode of said uplink channel and, if said operating mode is 
polled, the one of said at least tWo subscriber stations Which 
is selected to use said uplink channel; 

(iii) each of said at least tWo subscriber stations deter 
mining said operating mode of said uplink and: 

(a) if said operating mode is random, any of said at least 
tWo subscriber stations having data to be transmitted to 
said base station transmitting that data over said uplink 
channel; or 

(b) if said operating mode is polled, each of said at least 
tWo subscriber stations further determining if it is the 
selected subscriber station, the selected subscriber sta 
tion transmitting to said base station over said uplink 
channel at least an indication of the amount of data it 
has to be transmitted to said base station and each other 
of said at least tWo subscriber stations not transmitting; 

(iv) said base station receiving said transmission over said 
uplink channel and placing said uplink channel into a 
selected operating mode for a next transmission; and 

(v) repeating steps (ii) through (v). 
Preferably, step (iv) comprises maintaining the selected 

operating mode as random mode until a selected number of 
collisions occur Within a selected timeframe after Which the 
operating mode is set to polled for at least a period of time. 
Also preferably, the period of time for the operating mode to 
be polled is the time necessary for the amount of data 
Waiting at the at least tWo subscriber stations to fall beloW 
a selected threshold amount. 

Preferably, the base station includes at least tWo uplink 
channels and associated doWnlink control channels and 
further including the step of assigning each of the at least 
tWo subscriber stations to use a different one of the at least 
tWo uplink channels and the associated doWnlink control 
channel and Wherein steps (i) through (v) are performed for 
each of the at least tWo uplink channels. Also preferably, at 
least one of said at least tWo uplink channels has greater 
transmission capacity than another of the at least tWo uplink 
channels and further including the step of assigning each of 
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the at least tWo subscriber stations to use a different one of 
the at least tWo uplink channels and the associated doWnlink 
control channel and Wherein steps (i) through (V) are per 
formed for each of the at least tWo uplink channels. Also 
preferably, the base station monitors the level of utiliZation 
of each of the at least tWo uplink channels and reassigns 
subscriber stations betWeen the at least tWo uplink channels 
to improve the balance of utiliZation of the at least tWo 
uplink channels. 

Preferably, each subscriber station transmitting on an 
uplink channel receives transmission poWer control infor 
mation from the base station on the associated doWnlink 
control channel during said transmission. 

According to yet another aspect of the present invention, 
there is provided a subscriber station for use in a commu 
nication system having a base station and a plurality of 
subscriber stations, the subscriber station comprising: 

a receiver to receive a doWnlink control signal channel 
from said base station indicating the operating mode of an 
uplink from said subscriber station to said base station; 

control means to determine from said received doWnlink 
control signal channel the operating mode of said uplink 
and, if the determined operating mode is polled, to deter 
mine from said received doWnlink control signal if the 
subscriber station is authorized to transmit to said base 
station on the uplink; 

processor means to construct a frame of data for trans 
mission to said base station if the subscriber station is 
authoriZed to transmit or if the determined operating mode 
is random and said subscriber station had data to transmit to 
said base station; and 

a transmitter to transmit said constructed frame of data to 
said base station, said transmitter transmitting said con 
structed frame at transmission poWer levels set according to 
poWer control information received by said receiver from 
said base station. 

AWireless communication system includes a base station 
and a plurality of subscriber stations and the subscriber 
stations are given access to a variety of channels, including 
at least one uplink data channel. The uplink data channel can 
operate in at least a random access mode and a polled access 
mode. The base station informs each subscriber station it 
serves of the current mode of the uplink channel via an 
associated doWnlink signaling channel and, in random 
access mode, each subscriber station is able to randomly 
access the shared uplink channel. In polled mode, each 
subscriber station Waits for permission from the base station 
before sending data over the shared uplink channel. A 
method of operating the system monitors the collisions 
Which occur on the uplink channel in random mode and/or 
the amount of data and/or the data’s priority level and/or 
QoS requirements and sWitches the system betWeen random 
and polled modes as appropriate. In polled mode, the 
method determines Which subscriber stations should access 
the uplink and When. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention Will noW 
be described, by Way of example only, With reference to the 
attached Figures, Wherein: 

FIG. 1 is a schematic representation of a system employ 
ing an uplink structure and method in accordance With an 
embodiment of the invention; 

FIG. 2 is a schematic representation of a con?guration of 
a frame structure for a doWnlink signaling channel used in 
the system of FIG. 1; 
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6 
FIG. 3 is a schematic representation of a ?rst con?gura 

tion of a frame structure for the uplink structure used in the 
system of FIG. 1; 

FIG. 4 is a schematic representation of a second con?gu 
ration of the frame structure shoWn in FIG. 3; 

FIG. 5 is a ?oW-chart shoWing a method of operating each 
of the subscriber stations shoWn in FIG. 1; 

FIG. 6 is a ?oW-chart shoWing a method of managing the 
uplink shoWn in FIG. 1 in accordance With another aspect of 
the invention; and 

FIG. 7 is a How chart shoWing another method of man 
aging the uplink shoWn in FIG. 1 in accordance With another 
aspect of invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring noW to FIG. 1, a Wireless local loop system is 
indicated generally at 20. System 20 includes a Wireless base 
station 24 that connects, through appropriate gateWays, to a 
communication netWork 28 via a backhaul 32. NetWork 28 
can be operable to carry different types of communication 
services, Which in the present embodiment includes both 
data to and from public sWitched telephone netWork (PSTN) 
36 and data to and from a packet sWitched data netWork 40, 
such as the Internet, although netWork 28 can also be a 
converged netWork, etc. as Will be apparent to those of skill 
in the art. Backhaul 32 can be any knoWn type of suitable 
backhaul link betWeen Wireless base station 24 and netWork 
28, such as a T1, T3, OC1 or a Wireless microWave link, etc. 

Base station 24 has a transceiver that is used for commu 
nicating With a plurality of subscriber stations 441 through 
44 via a Wireless link 48. In a present embodiment, Wireless 
link 48 employs CDMA as a multiple access technique to 
channeliZe and share link 48, although other multiple access 
techniques such as OFDM, etc. can be used. Also, in a 
present embodiment Wireless link 48 is a frequency division 
duplexed link (FDD), although it can also be a time division 
duplexed link (TDD) or other con?gurations as Will occur to 
those of skill in the art. 

Wireless link 48 is arranged in a structure having a 
plurality of channels, including at least one doWnlink chan 
nel 48 d] and at least one uplink channel 48”]. As used herein, 
the term doWnlink channel is intended to comprise any 
channel employed by a transmitter to communicate With 
multiple receivers and in the present speci?c example base 
station 24 can broadcast to one or more subscriber stations 

44 over a doWnlink channel 48 d1. Also, as used herein, the 
term uplink channel is intended to comprise any channel 
shared betWeen multiple transmitters transmitting at differ 
ent times to the same receiver, and in the present speci?c 
example one or more subscriber stations 44 can broadcast to 
base station 24 over an uplink channel 48”]. 

Base station 24 also includes a modem for effecting 
appropriate packaging (ieispreading, modulation, symbol 
repetition, forWard error correction, etc.) for the data sent 
over doWnlink channel 48 d] to subscriber stations 44 and to 
perform the inverse operations on data received over uplink 
channel 48”] from subscriber stations 44. 

Each subscriber station 44 has a transceiver Whose 
receiver portion is operable to receive, from base station 24, 
data and signaling information carried over link 48. Each 
subscriber station 44 also includes a modem Which is 
operable to process (ieiunpackage by despreading, 
demodulating, decoding, etc.) the received data from base 
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station 24 over doWnlink channel 48 d] and to appropriately 
package data for transmission to base station 24 over uplink 
channel 48d]. 

Each subscriber station 44 can be connected to a tele 
phony device 52 such as a plain old telephone system 
(POTS) telephone, etc. and/or a data device 56, such as a 
personal computer equipped With a netWork interface card 
(NIC) to connect to subscriber station 44 via a suitable 
means such as an Ethernet port or a universal serial bus 

(USB) port. In general, it Will be understood that each 
telephony device 52 is operable to process voice telephone 
calls carried over PSTN 36, While data devices 56 are 
operable to process data such as applications carried over 
packet sWitched data netWork 40. 

In a present embodiment, each subscriber station 44 is 
typically located Within a subscriber’s premises and thus 
system 20 is part of a Wireless local loop (WLL). HoWever, 
it is also contemplated that the present invention is appli 
cable to mobile, or nomadic, subscriber stations 44, such as 
Web-enabled mobile cellular phones. It Will also be apparent 
that telephony device 52 and data device 56 can be com 
bined into a single intelligent device, such as a cellular 
phone With a built-in Web broWser or any other intelligent 
device that is operable to process both voice and data. It is 
also contemplated that telephony devices 52 and/or data 
devices 56 can be connected to subscriber station 44 through 
a netWork, such as an Ethernet, IEEE 802.11b, Bluetooth or 
other local Wired or Wireless netWork. 
One suitable structure for a doWnlink is discussed in 

Canadian Patent Application 2,310,188 to Frazer et al., 
assigned to the assignee of the present invention, and the 
contents of Which are incorporated by reference herein. 
DoWnlink channel 48 d] can implemented using, for example, 
the connectionless shared data channels discussed in this 
reference Whereby one or more subscriber stations 44 can 
“listen” to the doWnlink channel 48 d] and extract data 
packets addressed to a respective subscriber station 44 from 
the shared data channel. 
A doWnlink channel 48 d] can also be implemented using 

the connection-like dedicated channels also discussed in 
US. Pat. No. 2,310,188, Whereby the channel behaves like 
a dedicated Wired voice telephone connection. In another 
alternative tWo (or more) doWnlink channels 48dZ can be 
provided, Wherein one set of doWnlink channels 48dZ are 
implemented using connectionless shared data channels and 
other doWnlink channels 48dZ are implemented using con 
nection-like dedicated channels. HoWever, other Ways of 
structuring the doWnlink to provide services for voice and 
data or for data types requiring different QoS levels Will 
occur to those of skill in the art and are Within the scope of 
the invention. 
An uplink channel 48MZ can also be implemented in a 

variety of manners, including uplink channels similar to the 
uplink DDCH channels proposed in the 3G speci?cation 
Which are assigned and reassigned to subscriber stations as 
needed. 

In the present invention, an uplink channel 48PM] particu 
larly suited for the transmission of packet data has been 
created and is paired With a doWnlink signaling channel 
48d“ and each of these channels is described in more detail 
beloW. 

In a present embodiment, a basic frame structure Which is 
very similar to that proposed by the 3GPP organiZation is 
employed throughout system 20. Transmissions are arranged 
in frames of ?xed duration, the frames being sub-divided 
into a ?xed number of time slots. In the present embodiment, 
these frame structures are ten milliseconds in length and are 
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8 
composed of ?fteen equal duration time slots. Also, in the 
present embodiment Which employs CDMA as a multiple 
access technique, a chip rate of three-million, eight-hundred 
and forty-thousand chips per second is employed in system 
20. Thus a frame of ten milliseconds duration includes 
thirty-eight thousand, four-hundred thousand chips, With 
each of the ?fteen time slots of the frame including tWo 
thousand, ?ve-hundred and sixty chips. As Will be apparent 
to those of skill in the art, other multiple access techniques, 
chip rates and/or numerologies can be employed Without 
departing from the scope of the present invention. 

Referring noW to FIG. 2, an exemplary doWnlink signal 
ing channel 48 dsc frame structure is indicated generally at 60 
and frame structure 60 comprises an active subscriber sta 
tion ?eld 64 and a signaling information ?eld 68. In a present 
embodiment, the spreading factor for doWnlink signaling 
channel 48 dsc is ?ve-hundred and tWelve and QPSK modu 
lation is employed, providing one-hundred and ?fty bits per 
frame 60 (ten bits per each of the ?fteen slots), some Which 
are used for forWard error correcting purposes and poWer 
control signaling, as described beloW, leaving tWenty-four 
bits available for other purposes. In the present embodiment, 
active subscriber station ?eld 64 comprises six bits, Which 
can indicate any one of up to sixty-three different active 
subscriber stations 44 and signaling information ?eld 68 
comprises eighteen bits. 

Each uplink channel 48p”; and its paired doWnlink sig 
naling channel 48dsc has a number of subscriber stations 44 
assigned to it by system 20. The actual number of subscriber 
stations 44 assigned to an uplink channel 48PM] in a present 
embodiment of the invention typically Will not exceed thirty, 
but it is contemplated that this number can be larger or 
smaller if desired and depends upon a variety of factors, 
including the QoS requirements (latency, data rate, etc.) of 
the services and applications in use at the subscriber station 
44, the capacity of the uplink channel 48PM], the loading of 
other uplink channels in system 20, etc. System 20 can 
transfer the assignment of subscriber stations 44 from one 
uplink channel 48p”; to another as required. 

Each doWnlink signaling channel frame 60 is transmitted 
to all subscriber stations 44 presently assigned to the cor 
responding uplink channel 48p”; Within system 20 and is 
intended to be decoded and utiliZed by all those subscriber 
stations 44. Accordingly, doWnlink signaling channel 48 dsc 
is a broadcast channel and is transmitted at a poWer level and 
With a level of forWard error correction coding and symbol 
repetition selected by base station 24 to ensure a relatively 
high likelihood that the intended subscriber stations 44 Will 
be able to successfully receive it. 

In a present embodiment, tWo general types of access 
modes for uplink channel 48PM] are contemplated, namely 
“random” and “polled”, each of Which is described in more 
detail beloW. One or more values for active subscriber 
station ?eld 64 are reserved for indicating random access 
modes and the other values for active subscriber station ?eld 
64 indicate the subscriber station Which is next authorized to 
use uplink channel 48p”; and thus implicitly indicate that 
uplink channel 48PM] is in polled mode, as described beloW. 

Signaling information ?eld 68 can include any desired 
signaling information for the associated uplink channel 48p”; 
and includes poWer control signals and, typically, at least 
signals indicating the spreading factor to be employed by the 
subscriber station 44 Which Will broadcast on the associated 
uplink channel 48PM]. Other types of signaling information 
that can be included in signaling information ?eld 68 Will 
also occur to those of skill in the art. 
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In FIG. 3, a ?rst con?guration for the frame structure of 
uplink channel 48p”; is indicated at 721m. As shown in FIG. 
3, uplink channel frame structure 721M comprises an I 
(inphase) portion and a Q (quadrature) portion. As knoWn to 
those of skill in the art, the I and Q portions are modulated 
onto a physical channel by subscriber station 44 using 
quadrature modulation techniques for transmission over link 
48, although the present invention is not so limited and any 
other suitable modulation technique can be used. In a present 
embodiment, the I portion of uplink frame structure 721M 
includes a DTX ?eld 76 for the ?rst four slots (10240 chips). 
DTX ?eld 76 comprises “Do Not Transmit” (DTX) symbols, 
Which are Zero transmission energy symbols, and is 
employed to alloW the transmitting subscriber station 44 to 
acquire poWer control information from base station 24 for 
its transmission before it commences transmitting payload 
data. As Will be apparent to those of skill in the art, DTX 
?eld 76 can be changed to employ feWer or more slots of 
DTX symbols if required in other circumstances, such as for 
systems having different chip rates, poor channel character 
istics (severe fading), etc. 

Speci?cally, the doWnlink signaling channel 48 dsc carries 
poWer control information, derived by base station 24 in any 
suitable manner such as from the pilot signal broadcast by 
subscriber station 44 in the Q portion (described beloW), to 
the subscriber station 44 Which adjusts its transmission 
poWer accordingly. As any particular subscriber station 44 
may not have broadcast to base station 24 for a relatively 
long time, such subscriber stations 44 can have very poor 
initial estimates of the required transmission poWer levels 
and by alloWing for four slots of poWer control correction 
information to be received at a subscriber station 44 before 
it transmits any payload data, it is believed that better system 
performance can be obtained in this manner. 

After DTX ?eld 76, the I portion of uplink frame structure 
72m includes a traf?c data ?eld 80, Which contains actual 
payload data to be transmitted from subscriber station 44, for 
the remaining slots (in this embodiment eleven), less the 
?nal tWo-hundred and ?fty-six chips. 

The ?nal tWo-hundred and ?fty-six chips of the I portion 
of uplink frame structure 721M represent a guard time ?eld 
84, composed of DTX symbols. This guard time ?eld 84 is 
provided to prevent variation in clocks (asynchronicity) at 
different subscriber stations 44 and different round trip 
delays (due to different distances of subscriber stations 44 
from base station 24) from resulting in the beginning of a 
subsequent transmission from a second subscriber station 44 
from colliding (i.e.iover Writing) With the end of a pre 
ceding transmission of a ?rst subscriber station 44. The 
length of guard time ?eld 84, and DTX ?led 76, can be 
varied as necessary for speci?c circumstances, such as 
contemplated longer round trip delays, different ship rates, 
etc. 

The Q portion of uplink frame structure 72% is composed 
of signaling information 88 that is utiliZed by base station 24 
to assist in the decoding of uplink channel 48pm. In the 
present embodiment of the invention, signaling information 
88 includes a pilot signal Which base station 24 uses to 
acquire the subscriber station 44 and to determine the poWer 
level it is received at for poWer control purposes. 

Speci?cally, the spreading factor selected for the Q por 
tion is tWo-hundred and ?fty-six and thus each slot alloWs 
transmission of ten bits of pilot signal. If traf?c data ?eld 80 
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is not alWays full, or is not padded to be full, in another 
embodiment of the present invention each slot of the Q 
portion can include eight bits of pilot data and tWo bits 
Which comprise a portion of a length indicator. When the 
entire Q portion of the frame is received, the tWo bits of 
length indicator of each slot are combined to provide a 
length indication for the data in traf?c data ?eld 80. Because 
a reduced number of pilot signal bits are sent in this 
embodiment compared to the ten bit embodiment, as some 
of the otherWise available bits are occupied With length bits, 
this latter embodiment does require additional poWer to be 
allocated to the Q portion to achieve the same probability of 
reception of the pilot signal at base station 24. This requires 
a corresponding reduction in the poWer allocated to I por 
tion, resulting in reduced overall throughput of payload data. 

Finally, the Q portion of uplink frame structure 72mg also 
includes a guard time ?eld 92, Which also contains DTX 
symbols and occupies the ?nal tWo-hundred and ?fty-six 
chips of the ?nal slot of the Q portion of uplink frame 
structure 721M. Thus, When I and Q portions are modulated 
for physical transmission over link 48, guard time ?elds 84 
and 92 appear as a single guard time of no transmission 
energy, thereby offering protection for clock drift (asynchro 
nicity) betWeen subscriber stations 44. 

Referring noW to FIG. 4, a second con?guration of an 
uplink frame structure is indicated at 721411,. Frame structure 
72M”7 also comprises an I portion and a Q portion, Which are 
the same as the I and Q portions of uplink channel frame 
structure 721416,, with the exception that DTX ?eld 76 of 
uplink channel frame structure 72mg is omitted from uplink 
channel frame structure 721411,, alloWing an increased amount 
of payload data to be included in tra?ic data ?eld 80 in 
structure 721411,. As described in more detail beloW, When a 
subscriber station 44 is sending consecutive frames of data 
in uplink channel 48p”; to base station 24, the ?rst frame on 
uplink channel 48PM] Will be in frame structure 721M Which 
provides DTX ?eld 76 alloWing the subscriber station 44 to 
receive four slots of initial poWer control information from 
doWnlink signaling channel 48 dsc to establish a poWer con 
trol loop before commencing transmission of traf?c data 
?eld 80. The next and each consecutive frame sent on uplink 
channel 48p”; can be in frame structure 721411,, as subscriber 
station 44 Will have already established a poWer control loop 
and thus Will not require the establishment of the poWer 
control loop, and instead Will merely continue the loop 
established and/or maintained on the preceding frame trans 
mitted on uplink channel 48pm. Further details of the ?elds 
in uplink channel frame structures 721M and 7214117 Will 
become apparent in the subsequent discussions made With 
reference to operation of system 20. 

In a present embodiment, the poWer level adjustment 
signals carried in signaling information ?eld 68 of doWnlink 
signaling frame 60 are simply either an instruction to 
“increment” or “decrement”, represented as an appropriate 
bit value, from base station 24. Speci?cally, a “1” value can 
indicate that poWer levels are to be incremented and a “0” 
value can indicate that poWer levels are to be decremented. 
The amount of the change, Whether an increment or decre 
ment, is preset according to the slot in Which the change 
occurs. A presently preferred increment/decrement level for 
each slot in frame structure 72mg is shoWn in Table I, 
hoWever other preset levels Will occur to those of skill in the 
art according to desired performance of system 20. 
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TABLE I 

Power level control increment/decrement for frame structure 72"], 

Preset increment/decrement 
level (based on received 

Slot power control instruction) 

1 13.5 dB 
2 13 dB 
3 12 dB 
4 11.5 dB 

5-15 10.5 dB 

Thus, a “1” value in slot one will result in a 3.5 dB 
increment in the transmission power level, while a “0” value 
in the same slot results in a decrement of 3.5 dB in the 
transmission power level. A “1” value in slot two results in 
a 3 dB transmission power level increment and a “0” value 
in slot two results in a 3 dB transmission power level 
decrement, etc. 

It is thus believed that the power level output for uplink 
channel 48PM] from a particular subscriber station 44 will 
have reached an acceptable level by the time slot ?ve of 
frame structure 721M is prepared for transmission of tra?ic 
data ?led 80 over uplink channel 48PM]. Increment/decre 
ment power control instructions continue to be received by 
subscriber station 44 from base station 24 during the assem 
bly and transmission of each of slots ?ve through ?fteen 
allowing subscriber station 44 to increment or decrement the 
transmission power level according to the preset levels 
shown in Table I, as necessary. 

Therefore, slots ?ve through ?fteen of the I portion of 
con?guration 72% include payload data for transmission 
over uplink channel 48PM], with the exception that the ?nal 
two-hundred and ?fty-six chips of slot ?fteen are reserved 
for DTX bits, as discussed above. 

For each slot of frame structure 721411,, where active power 
control is already in e?fect for the subscriber station 44 as it 
also transmitted the immediately preceding frame, the incre 
ment/decrement value for each slot can be ?xed, for example 
10.5 dB. 

FIG. 5 shows a ?ow-chart representing a method for 
operating a subscriber station, in accordance with another 
aspect of the present invention. In order to assist in the 
explanation of the method shown in FIG. 5, reference will be 
made to system 20 of FIG. 1 and, in particular, reference will 
be made to the operation of one subscriber station 44 
transmitting over an uplink channel 48PM]. 
As part of its normal operation, each subscriber station 44 

maintains one or more queues of data to be transmitted to 
base station 24. These queues can contain data from tele 
phony devices 52 and/or data devices 56 served by sub 
scriber station 44 and/or can contain signaling, control or 
other data generated by subscriber station 44 itself. In 
system 20, whenever a subscriber station 44 transmits over 
an uplink channel 48p”; it provides an indication of the 
amount of data presently in its queue, or queues. This 
indication can be achieved in a variety of manners, and in a 
present embodiment a single byte is transmitted, this byte 
being mapped to an agreed table of value ranges. 

For example, each of the two-hundred and ?fty-six values 
which can be represented by the byte can indicate one 
thousand twenty-four bytes (one KB) of data to transmit. 
Speci?cally, a “0” value can indicate that a subscriber station 
44 has between Zero bytes and one KB of data to transmit, 
a “1” value indicates that the subscriber station 44 has 
between one KB and two KB of data to transmit, a “3” value 
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indicates that the subscriber station has between two KB and 
three KB of data to transmit, etc., and a value of two 
hundred, ?fty-?ve indicates that the subscriber station 44 
has over two-hundred, ?fty-?ve KB of data to transmit. 
As will be apparent to those of skill in the art, a variety 

of other mappings can be employed as desired. For example, 
each value can indicate a larger increment of data, ieia 
value of “0” can indicate between one byte and four KB of 
data to be transmitted, a value of “1” can indicate between 
four KB and eight B to be transmitted, etc. and a value of 
two-hundred ?fty-?ve can indicate more than one MB, or 
any other arbitrary amount, of data to be transmitted. 

Alternatively, values between “0” and “128” can indicate 
amounts of data with a ?rst priority to be transmitted and 
values between “129” and “255” can indicate corresponding 
amounts of data, albeit with a different priority, to be 
transmitted. If more than one queue is present in subscriber 
station 44, the byte can be masked/mapped to provide 
information about each queue, for example the four most 
signi?cant bits representing the amount of data in the ?rst 
queue and the four least signi?cant bits representing the 
amount of data in the second queue, etc. Other suitable ways 
of representing and reporting subscriber station 44 queue 
lengths and data characteristics will be readily apparent to 
those of skill in the art. 

It is contemplated that a variety of other techniques can be 
employed to report the amount of data queued to be trans 
mitted. 

Base station 24 will use the received information repre 
senting the amount of data queued to be transmitted from the 
subscriber station 44 to determine when a subscriber station 
44 should next be authorized to transmit to base station 24, 
if the uplink channel 48p”; is in polled mode, and/ or whether 
uplink channel 48PM] should be in polled or random access 
modes, as described below. 

Before step 200 of FIG. 5, as part of the normal operations 
of system 20, subscriber station 44 has been assigned to an 
uplink channel 48p”; and a corresponding downlink signal 
ing channel 480,56 which it monitors. 
At step 200, subscriber station 44 determines the amount 

of data, if any, it has in its queue, or queues, to transmit to 
base station 24. At step 204, subscriber station 44 determines 
(by examining the active subscriber station ?eld 64 in the 
last DSC frame 60 received on the downlink signaling 
channel 480,56 it is monitoring or by any other suitable 
method as will be apparent to those of skill in the art) 
whether uplink channel 48p”; is in random access or polled 
mode. If at step 204 it is determined that uplink channel 
48p“! is not in polled mode, ieiit is in random access mode, 
at step 208 a determination is made as to whether subscriber 
station 44 has data to send to base station 24. 

In the present invention, when active subscriber station 
?eld 64 indicates the mode of uplink channel 48PM], that 
mode applies to a known future time and not necessarily the 
mode that uplink channel 48PM] is in at the present time. 
Speci?cally, in most circumstances a subscriber station 44 
will require some ?nite period of time to prepare, assemble 
and package data for transmission and each subscriber 
station 44 will be informed, implicitly or explicitly, that the 
contents of active subscriber station ?eld 64 refer to a frame 
a number of frames after the current frame. In other words, 
if a ?rst downlink signaling channel frame 601- includes an 
active subscriber station ?eld 64 indicating uplink channel 
48 “I will be in random access mode, that mode can apply to 
uplink channel frame 72l-+2 (ieitwo frames subsequent to 
the present frame 721-). The number of frames delay to which 
the information in active subscriber station ?eld 64 applies 
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Will typically be established at start up of network 20 and 
can be hard coded into each subscriber station 44 or can be 
provided to each subscriber station 44 each time it joins 
system 20. It is also contemplated that this frame delay 
information can vary betWeen different uplink channels 
48 “I or at different times and, in such cases, the appropriate 
frapme delay information Will be provided to a subscriber 
station 44 When it is assigned to any particular uplink 
channel 48PM] and/or When a change occurs. 

If at step 208 it is instead determined that subscriber 
station 44 has no data to transmit, the process returns to step 
200 for that particular subscriber station 44. Otherwise, if at 
step 208 it is determined that subscriber station 44 has data 
to transmit, at step 212 the data is assembled, arranged and 
packaged for transmission and is transmitted in the frame to 
Which the received active subscriber station ?eld 64 applied. 
The signaling information ?eld 68 Which Was included in the 
doWnlink signaling channel frame 60 authorizing the sub 
scriber station 44 to transmit Will also include a bit advising 
subscriber stations 44 Whether to transmit using frame 
structure 72m or 7214117 and can include other packing infor 
mation, including the spreading factor to be used. When 
uplink channel 48PM] is in random access mode, frame 
structure 721M Will be indicated as it is not knoWn Whether 
poWer control information is current for the transmitting 
subscriber station 44. 

The assembled and packaged transmission from sub 
scriber station 44 Will include the above-mentioned indica 
tion of the amount of data subscriber station 44 has in its 
queues to transmit and, in some cases, an indication of the 
priority of that data. After the transmission has been sched 
uled, the process returns to step 200 and the transmission 
Will be performed at the appropriate frame. 
As is apparent to those of skill in the art, in random mode 

it is possible that tWo or more subscriber stations 44 Will 
transmit simultaneously to base station 24, their transmis 
sions thus “colliding” and likely preventing base station 24 
from validly receiving any transmission. In many circum 
stances, the loss of the transmitted data due to such colli 
sions Will be handled by higher level protocols, such as TCP, 
Which Will request a retransmission of missing data. HoW 
ever, it is further contemplated that, in some embodiments of 
the present invention not shoWn in FIG. 5, doWnlink sig 
naling channel 48 dsc can indicate With a single bit Whether 
a preceding transmission Was correctly received at base 
station 24. The determination of “correctly received” can be 
made in a variety of manners, as Will occur to those of skill 
in the art, including by base station 24 examining a CRC 
(cyclic redundancy checksum) included in the transmission. 
A prede?ned bit, e.g.ia “correctness bit”, in the signal 

ing information ?eld 68 of doWnlink signaling channel 
frame 60 can be set to a “1” value if a previous frame 
transmitted Was correctly received, or it can be set to a “0” 
value if the previous frame Was incorrectly received. Thus, 
after transmitting a frame of data over uplink channel 48p”; 
in random mode, subscriber station 44 Will aWait con?rma 
tion of successful receipt of the frame at base station 24. As 
Will be apparent, the correctness bit indicating Whether a 
previous transmission Was correctly received is transmitted 
in a subsequent doWnlink signaling channel frame 60 Which 
could be intended for another subscriber station 44,C but, as 
all subscriber stations 44 assigned to the uplink channel 
48p“! and the corresponding doWnlink signaling channel 48 dsc 
receive each doWnlink signaling frame 60, the subscriber 
station 442 Which made the preceding transmission Will 
receive and utilize the bit. 
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If the con?rmation is not received in the appropriate 

doWnlink signaling channel 48 dsc frame 60 (the “appropri 
ate” frame being a knoWn number of frames after the 
transmission on uplink channel 48PM] Was completed, to 
alloW time for analysis of the received data and determina 
tion of its correct reception), the subscriber station 442 can 
mark the data for retransmission to base station 24. 

While it is possible that a transmission from one sub 
scriber station 44 Will be correctly received despite the fact 
that at least one other subscriber station 44 Was also trans 
mitting at the same time, and Wherein both subscriber 
stations 44 Will thus believe that the correctness bit value 
returned to them by the doWnlink signaling channel 48dsc 
applies to their last transmission, this has a relatively loW 
probability of occurring and thus this single correctness bit 
indication technique can, in many cases, provide an effective 
method of verifying reception of a frame 72”] transmitted in 
random access mode. 

Thus, if a subscriber station 44 has transmitted in random 
access mode and does not receive the “1” bit indication of 
a successful transmission, it can retransmit on the next 
available frame 72”] Without requiring the involvement and 
overhead of higher level protocols. In the unlikely event of 
the correctness bit incorrectly indicating a successful trans 
mission, Wherein the transmission of one subscriber station 
441- is received despite a simultaneous transmission by 
another subscriber station 44 h as described above, the higher 
level protocols can correct the error for the transmission 
from subscriber station 44 h in conventional manners, such as 
by the TCP retransmit request, if this is desired. 

It is also contemplated that, in another embodiment, in 
addition to the “correctness bit”, the doWnlink signaling 
channel frame 60 can include a speci?c indication of the 
subscriber station 44 Which it correctly received a transmis 
sion from. If a collision occurred, no identi?er of a sub 
scriber station 44 is provided. This may provide advantages 
in circumstances Wherein too many collisions occur regu 
larly. 

If at step 204 it is determined that uplink channel 48PM] is 
in polled mode, then at step 216 a determination is made as 
to Whether the subscriber station 44 is authorized to transmit 
on uplink channel 48pm. This is determined by examining 
active subscriber station ?eld 64 in the doWnlink signaling 
channel frame 60. If the active subscriber station identi?ed 
in ?eld 64 is not the present subscriber station 44, that 
particular subscriber station 44 is not authorized to transmit 
at this time and the process returns to step 200. 

If the active subscriber station 44 identi?ed in ?eld 64 is 
the present subscriber station 44, the process proceeds to 
step 212 Where data to be transmitted to base station 24 is 
assembled, arranged, packaged and transmitted to base 
station 24 on the respective frame of uplink channel 48PM] 
When uplink channel 48PM] is in polled mode, signaling 
information ?eld 68 Will indicate if the subscriber station 44 
is to transmit using frame structure 721M, if this subscriber 
station 44 transmitted on the preceding frame 72 and thus the 
poWer control information for the subscriber station 44 is 
current, or using frame structure 72M”7 if the poWer control 
information is not current because another subscriber station 
44, or no subscriber station 44, transmitted on the preceding 
frame 72. 

It should be noted that, unlike the case for random mode 
transmissions, if a subscriber station 44 is identi?ed as the 
active subscriber station 44 in active subscriber station ?eld 
64, it Will transmit to base station 24 even if it has no other 
data to be sent. In such a case, the transmission Will merely 
indicate that subscriber station 44 has zero length queues. 
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It is contemplated that for a majority, or at least a 
signi?cant portion, of time, system 20 Will operate in polled 
mode. In polled mode, base station 24 polls each of the 
subscriber stations 44 assigned to that uplink channel 48PM] 
at intervals. This polling is accomplished by simply autho 
riZing each subscriber station 44, in turn, to use uplink 
channel 48p”; by making them the active subscriber station 
44 identi?ed in active subscriber station ?eld 64. As men 
tioned above, a subscriber station 44 Will alWays forward at 
least an indication of its queue lengths to base station 24 
When the subscriber station is the identi?ed active subscriber 
station. If the subscriber station 44 has additional data to 
transmit, the remainder of the payload in tra?ic data ?eld 80 
Will be ?lled With this additional data. 

Base station 24 executes a scheduling process Which 
monitors the queue lengths and priorities of the associated 
data aWaiting transmission from the subscriber stations 44 
assigned to each uplink channel 48p”; and appropriately 
identi?es an active subscriber station 44 in each frame 60 of 
doWnlink signaling channel 48 dsc. In a simple and speci?c 
example, if an uplink channel 48p”; is serving eight sub 
scriber stations 44 and the scheduler in base station 24 
merely schedules the subscriber stations 44 on an equal 
access basis, each subscriber station 44 Will be able to 
transmit every eighty milliseconds (ieievery eighth frame 
72, Which has a ten millisecond duration). In a more useful 
example, the scheduler can schedule each subscriber station 
44 to be the active subscriber station at least every tWo 
hundred milliseconds and, as each frame 72 has a ten 
millisecond duration, this means that a subscriber station 44 
is able to transmit to base station 24 no less frequently than 
every twentieth frame. The intervening frames 72 are thus 
assigned by the scheduler in base station 24 responsive to the 
reported queue lengths and priorities of data Waiting to be 
transmitted from subscriber stations 44. For example, if data 
to be transmitted is latency sensitive, the intervening frames 
72 can be ?rst assigned to subscriber stations 44 With such 
data queued to be transmitted. 

FIG. 6 shoWs a ?owchart of an example of a process 
employed by system 20 to operate uplink channels 48pm. 
This portion of the process comprises determining Whether 
an uplink channel 48p”; should be in random or polled mode. 
If, as is expected to be the norm, a base station 24 operates 
more than one uplink channel 48PM], this process is per 
formed for each uplink channel 48PM]. 
At step 300, the scheduler for base station 24 checks the 

reported amounts of data enqueued at each subscriber station 
44 served by the uplink channel 48PM]. As mentioned above, 
each time a subscriber station 44 transmits to base station 24, 
Whether in random mode or polled mode, it reports the 
amount of data queued at the subscriber station 44 to be 
transmitted. At step 304, the scheduler determines Whether 
the aggregate amount of data Waiting to be transferred is 
greater than the UL Threshold, Which is a threshold value 
de?ned for the uplink channel 48PM]. This threshold can be 
selected in any appropriate manner, but it is contemplated 
that typically, UL Threshold Will be set to a selected per 
centage of the total capacity of uplink channel 48PM] for an 
appropriate period of time. For example, if uplink channel 
48 “I has a total capacity of six-hundred and forty kbps 
(ki’lOblIS per second), UL Threshold may be set to a value 
equal to tWenty ?ve percent of the uplink capacity of forty 
frames, i.e.itWenty-?ve percent of six-hundred bits times 
forty, for sixty-four thousand bits. 

If at step 304 it is determined that the aggregate amount 
of queued data at all subscriber stations 44 served by the 
uplink channel 48PM] is less then UTL Threshold, then at step 
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306, the scheduler determines Whether the queue length at 
one or more subscriber stations exceeds a subscriber queue 

threshold, SQ Threshold. The subscriber queue threshold, 
SQ Threshold, can be selected in a variety of manners, but 
it is contemplated that it Will be selected to be equal to the 
amount of data that uplink channel 48PM] can transmit in a 
selected number of frames, for example four (if uplink 
channel 48PM] has a capacity of six-hundred and forty 
thousand bits per second, thus six-thousand, four hundred 
bits per frameiSQ Threshold Would be tWenty-?ve thou 
sand, six-hundred bits). 

If at step 306 no subscriber station 44 served by uplink 
channel 48PM] has a length greater than SQ Threshold, then 
at step 310 the scheduler Will put uplink channel 48p”; into 
random mode for the next frame (Which, as mentioned 
above, can be one or more frames later) and the process 
repeats to step 300. 

If at step 304 it is determined that the aggregate amount 
of data enqueued at the subscriber stations 44 served by 
uplink channel 48PM], at step 314 the scheduler selects one of 
the subscriber stations 44 With data enqueued to be trans 
mitted to be the active subscriber station and the uplink 
channel 48p”; is placed in polled mode With the selected 
subscriber station identi?ed as the active subscriber station 
44. 

If at step 306 it is determined that the queue length at one 
or more subscriber stations 44 exceeds the SQ Threshold, at 
step 314 the scheduler selects one of the subscriber stations 
44 Whose queue length exceeds SQ Threshold to be the 
active subscriber station and the uplink channel 48p”; is 
placed in polled mode With the selected subscriber station 
identi?ed as the active subscriber station 44. 
As Will be apparent to those of skill in the art, many 

variations on the process are possible and are in fact con 
templated. For example, it is contemplated that if at step 306 
it is determined that the queue length at a subscriber station 
44 exceeds SQ Threshold, the scheduler can alternately 
place the uplink channel 48PM] into polled mode With that 
subscriber station 44 identi?ed as the active subscriber 
station for a ?rst frame and place the uplink channel 48p”; 
into random mode for a second frame for a selected number 
of frames. Thus, the subscriber station Whose queue 
exceeded the SQ Threshold can be granted assured access to 
transmit at least some of its data While other subscriber 
stations 44 also have the opportunity to transmit in the 
random mode frames. 

It is also contemplated that more than one random mode 
can be employed. For example, one half of the subscriber 
stations 44 can be alloWed to transmit over uplink channel 
48PM] When it is in a ?rst random mode, identi?ed by a 
reserved address such as “0” in active subscriber station ?eld 
64, and the second half of the subscriber stations 44 can be 
alloWed to transmit over uplink channel 48PM] When it is in 
a second random mode, identi?ed by another reserved 
address such as “l” in active subscriber station ?eld 64. This 
alloWs some organiZation of subscriber stations 44 to reduce 
collisions betWeen subscriber stations 44. 
As should be apparent to those of skill in the art, these 

modes of operation can be combined to alloW circumstances 
such as uplink channel 48PM] being in polled mode for one 
frame, random mode “0” for the next frame, random mode 
“1” for the next frame and then in polled mode again for the 
next frame, etc. 
The scheduler can employ a variety of criteria to select the 

active subscriber station 44 at step 314. For example, the 
scheduler can select the subscriber station 44 With the largest 
amount of data in its queue, or can select the subscriber 
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station With the largest amount of high priority data in its 
queue, if this priority information is reported to base station 
24. Alternatively, the scheduler can consider the rate at 
Which data is being added to the queue at subscriber station 
44 and can select the subscriber station 44 Whose queue is 
groWing fastest to be the next active subscriber station 44 in 
polled mode. 

The scheduler can also operate across all of the uplink 
channels 48PM] at a base station 24. For example, the sched 
uler can assign subscriber stations 44 With similar transmis 
sion characteristics to particular uplink channels 48PM] so that 
subscriber stations 44 can employ the data rates offered by 
an uplink channel 48PM]. For example, ten subscriber stations 
44 Which have exceptional data transmission characteristics, 
for example due to their close proximity to base station 24, 
can be assigned to an uplink channel 48PM] Which employs a 
spreading factor of four, While ?ve subscriber stations 44 
Which have poor transmission characteristics, for example 
due to their distance from base station 24, can be assigned 
to another uplink channel 48PM] Which employs a spreading 
factor of 128. 

Alternatively, the scheduler can assign a spreading factor, 
in polled mode, for transmission on uplink channel 48PM] 
When assigning the active subscriber station. In such a case, 
the scheduler Will take the total uplink transmission capacity 
and the various queue lengths etc., of system 20 into account 
and Will assign appropriate spreading factors to various 
uplink channels 48p”; to ef?ciently utiliZe the transmission 
resources. 

Yet another method of operating an uplink channel 48p”; 
in system 20 is contemplated, as shoWn in FIG. 7. In this 
method, at step 400 uplink channel 48p”; is in random mode. 
At step 404 a determination of Whether a collision has 
occurred in the last received frame 72. One method for 
making such determination can be the same method dis 
cussed above for determining the correctness bit or any other 
suitable method as Will occur to those of skill in the art. 

At step 408, a count of the total number of the determined 
collisions Which have been experienced Within a given time 
period, is updated. At step 412, a determination of Whether 
the present count determined in step 408 exceeds a prede 
termined threshold of permitted collisions. If this threshold 
is not exceeded, the process returns to step 404. 

If this threshold is exceeded at step 412, the method 
proceeds to step 416 Wherein the uplink channel 48p”; is 
placed into polled mode and the scheduler operation in base 
station 24 polls the subscriber stations 44 assigned to the 
uplink 48PM]. At step 420 a determination is made as to 
Whether the status of the subscriber stations 44 assigned to 
uplink channel 44p”; permit the return to random mode. This 
can be determined by considering the number of subscriber 
stations 44 With data enqueued for transmission to base 
station 24, the total amount of data enqueued at those 
subscriber stations, and/or the priority of that data. The 
actual values and strategies used for this determination Will 
depend upon a variety of factors including the service levels 
the operator of netWork 20 Wishes to provide their custom 
ers, the transmission capacity of uplink channel 48PM], etc. 
and can be varied at different times during netWork opera 
tions and/or for different uplink channels 48PM]. 

If the amount of data at step 420 does not permit a return 
to random mode, the method returns to step 420 for the next 
received frame. As Will be apparent to those of skill in the 
art, the status of the assigned subscriber stations 44 Will be 
updated after receipt of each frame 72 and re-evaluated at 
each iteration through step 420. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
Once the status of the assigned subscriber stations 44 at 

step 420 permits a return to random mode, the process 
returns to step 400 Wherein the uplink channel 48PM] is put 
into random mode again. 

Simply put, the scheduler operation in base station 24 
determines a count of the collisions it has experienced 
Within a given time period, for example tWo hundred mil 
liseconds. If this count exceeds a threshold, for example 
seven, then the uplink channel 48p”; can be sWitched to 
polled mode until random mode can be returned to. 

The above-described embodiments of the invention are 
intended to be examples of the present invention and alter 
ations and modi?cations may be effected thereto, by those of 
skill in the art, Without departing from the scope of the 
invention Which is de?ned solely by the claims appended 
hereto. 
We claim: 
1. A radio communication system comprising: 
a base station; 
a plurality of subscriber stations; 
a channel structure operating betWeen said base station 

and plurality of subscriber stations, said channel struc 
ture including an uplink channel and an associated 
doWnlink signaling channel, said uplink channel and 
doWnlink signaling channel shared by at least tWo of 
said plurality of subscriber stations and said base 
station, said associated doWnlink signaling channel 
indicating to said at least tWo subscriber stations 
Whether said uplink channel is in polled mode, Wherein 
one of said at least tWo subscriber stations is speci?ed 
to next transmit to said base station over said uplink 
channel, or random mode, Wherein any of said at least 
tWo subscriber stations With data to be sent to said base 
station can next attempt to transmit to said base station 
over said uplink channel, 

Wherein said base station, on startup and upon receiving 
a transmission over said uplink channel from one of 
said at least tWo subscriber stations, places said uplink 
channel into a selected one of said modes for a next 
transmission over said uplink channel; 

Wherein said associated doWnlink signaling channel also 
provides transmission poWer control information to a 
subscriber station transmitting on said uplink channel; 

Wherein a transmitting subscriber station does not trans 
mit payload data until it receives a selected amount of 
transmission poWer control information from said base 
station; 

Wherein said selected amount of transmission poWer 
control data is a portion of a ?rst transmission time slot; 
and 

Wherein, When said uplink channel is in polled mode and 
a ?rst subscriber station is selected to transmit for tWo 
or more contiguous transmission time slots, said ?rst 
subscriber station transmits payload data for the entire 
time slot of each time slot it is selected for after said 
?rst time slot. 

2. The radio communication system of claim 1 Wherein, 
When data is transmitted over said uplink channel in random 
mode, said associated doWnlink signaling channel subse 
quently provides an indication of successful reception at said 
base station. 

3. The radio communication system of claim 2 Wherein 
said indication of successful reception further comprises an 
indication of Which subscriber station said transmission Was 
successfully received from. 

4. The radio communication system of claim 1 Wherein 
each time a subscriber station transmits to said base station, 
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the transmission includes an indication of the amount of data 
Waiting to be transmitted from said subscriber station. 

5. The radio communication system of claim 4 Wherein 
said indication further includes an indication of the priority 
of data Waiting to be transmitted. 

6. The radio communication system of claim 1 Wherein 
said base station further includes a scheduler Which deter 
mines the amount of data to be transmitted from said at least 
tWo of said plurality of subscriber stations to said base 
station and places said uplink channel into random mode 
When said determined amount is less than a predetermined 
amount and in polled mode When said determined amount is 
not less than said predetermined amount. 

7. The radio communication system of claim 6 Wherein 
said scheduler also compares the amount of data to be 
transmitted from each of said at least tWo of said plurality of 
subscriber stations to a second predetermined amount and 
places said uplink channel into random mode When said 
amount of data to be transmitted from each of at least tWo 
of said plurality of subscriber stations is less than said 
second predetermined amount and in polled mode When said 
amount of data to be transmitted from any of at least tWo of 
said plurality of subscriber stations is not less than said 
second predetermined amount. 

8. The radio communication system of claim 1 Wherein 
said scheduler places said uplink channel into random mode 
until the number of collisions Which occurs Within a given 
time period exceed a predetermined number When said 
scheduler Will place said uplink channel into polled mode. 

9. The radio communication system of claim 1 further 
comprising at least tWo uplink channels and associated 
doWnlink signaling channels, said base station assigning 
different sets of said plurality of subscriber stations to use 
each of said tWo uplink channels. 

10. The radio communication system of claim 9 Wherein 
a ?rst one of said at least tWo uplink channels has a 
transmission capacity greater than a second one of said at 
least tWo uplink channels and said base station assigns 
subscriber stations With higher transmission capacity needs 
to said ?rst one uplink channel and assigns subscriber 
stations With lesser transmission capacity needs to said 
second one uplink channel. 

11. The radio communication system of claim 10 Wherein 
said assignment of said subscriber stations to said uplink 
channels is revieWed periodically and said subscriber sta 
tions are reassigned betWeen said ?rst one and said second 
one uplink channel as appropriate. 

12. The radio communication system of claim 1 Wherein 
said system includes at least tWo uplink channels, each 
having an associated doWnlink signaling channel, and said 
base station being operable to assign different ones of said 
at least tWo subscriber stations to use each of said at least 
tWo uplink channels. 

13. The radio communication system of claim 12 Wherein 
said base station is responsive to the level of utiliZation of 
each of said at least tWo uplink channels to reassign sub 
scriber stations betWeen said at least tWo uplink channels. 

14. The radio communication system of claim 12 Wherein 
at least one of said at least tWo uplink channels has greater 
transmission capacity than another of said at least tWo uplink 
channels. 

15. A method of operating a radio communication system 
including a base station and a plurality of subscriber stations, 
the system having a communication channel structure 
including an uplink channel and an associated doWnlink 
signaling channel shared by at least tWo of said plurality of 
subscriber stations, the method comprising the steps of: 
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(i) said base station placing said uplink channel into one 

of a random mode and a polled mode; 
(ii) communicating to said at least tWo subscriber stations 

via said associated doWnlink signaling channel the 
operating mode of said uplink channel and, if said 
operating mode is polled, the one of said at least tWo 
subscriber stations Which is selected to use said uplink 
channel; 

(iii) each of said at least tWo subscriber stations deter 
mining said operating mode of said uplink and: 
(a) if said operating mode is random, any of said at least 
tWo subscriber stations having data to be transmitted 
to said base station transmitting that data over said 
uplink channel; or 

(b) if said operating mode is polled, each of said at least 
tWo subscriber stations further determining if it is the 
selected subscriber station, the selected subscriber 
station transmitting to said base station over said 
uplink channel and each other of said at least tWo 
subscriber stations not transmitting; 

(iv) said base station receiving said transmission over said 
uplink channel and placing said uplink channel into a 
selected operating mode for a next transmission; and 

(v) repeating steps (ii) through (v), 
Wherein said associated doWnlink signaling channel pro 

vides transmission poWer control information to a 
subscriber station transmitting on said uplink channel; 

Wherein a transmitting subscriber station does not trans 
mit payload data until it receives a selected amount of 
transmission poWer control information from said base 
station; 

Wherein said selected amount of transmission poWer 
control data is a portion of a ?rst transmission time slot; 
and 

Wherein, When said uplink channel is in polled mode and 
a ?rst subscriber station is selected to transmit for tWo 
or more contiguous transmission time slots, said ?rst 
subscriber station transmits payload data for the entire 
time slot of each time slot it is selected for after said 
?rst time slot. 

16. The method of claim 15 Wherein step (iv) comprises 
maintaining said selected operating mode as random mode 
until a selected number of collisions occur Within a selected 
timeframe after Which said operating mode is set to polled 
for at least a period of time. 

17. The method of claim 16 Wherein said period of time 
for said operating mode to be polled is the time necessary for 
the amount of data Waiting at said at least tWo subscriber 
stations to fall beloW a selected threshold amount. 

18. The method of claim 15 Wherein said base station 
includes at least tWo uplink channels and associated doWn 
link signaling channels and further including the step of 
assigning each of said at least tWo subscriber stations to use 
a different one of said at least tWo uplink channels and the 
associated doWnlink signaling channel and Wherein steps (i) 
through (v) are performed for each of said at least tWo uplink 
channels. 

19. The method of claim 15 Wherein said base station 
includes at least tWo uplink channels and associated doWn 
link signaling channels, Wherein at least one of said at least 
tWo uplink channels has greater transmission capacity than 
another of said at least tWo uplink channels, and further 
including the step of assigning each of said at least tWo 
subscriber stations to use a different one of said at least tWo 
uplink channels and the associated doWnlink signaling chan 
nel and Wherein steps (i) through (v) are performed for each 
of said at least tWo uplink channels. 
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20. The method of claim 19 further comprising the step of 
the base station monitoring the level of utilization of each of 
said at least tWo uplink channels and reassigning subscriber 
stations betWeen said at least tWo uplink channels to 
improve the balance of utilization of the at least tWo uplink 
channels. 

21. The method of claim 15 Wherein each subscriber 
station in transmitting over said uplink channel provides at 
least an indication of the amount of data it has to be 
transmitted to said base station. 

22. A subscriber station for use in a communication 
system having a base station and a plurality of subscriber 
stations, said communication system having a channel struc 
ture including an uplink channel and an associated doWnlink 
signaling channel shared by at least tWo of said plurality of 
subscriber, 

said associated doWnlink signaling channel indicating to 
said plurality of subscriber stations Whether said uplink 
channel is in polled mode, Wherein one of said plurality 
of subscriber stations is speci?ed to next transmit to 
said base station over said uplink channel, or random 
mode, Wherein any of said plurality of subscriber 
stations With data to be sent to said base station can next 
attempt to transmit to said base station over said uplink 
channel, 

said associated doWnlink signaling channel also providing 
transmission poWer control information to a subscriber 
station transmitting on said uplink channel, and 

said base station operable, on startup and upon receiving 
a transmission over said uplink channel from one of 
said plurality of subscriber stations, to place said uplink 
channel into a selected one of said modes for a next 
transmission over said uplink channel, 

said subscriber station comprising: 
a receiver to receive said doWnlink signaling channel 

from said base station indicating the operating mode of 
said uplink channel from said subscriber station to said 
base station; 

a controller to determine from said received doWnlink 
signaling channel the operating mode of said uplink 
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channel and, if the determined operating mode is 
polled, to determine from said received doWnlink sig 
naling channel if the subscriber station is authoriZed to 
transmit to said base station on said uplink channel; 

a processor to construct a frame of data for transmission 
to said base station if said subscriber station is autho 
riZed to transmit or if the determined operating mode is 
random and said subscriber station has data to transmit 
to said base station; and 

a transmitter to transmit said constructed frame of data to 
said base station over said uplink channel, said trans 
mitter transmitting said constructed frame at transmis 
sion poWer levels set according to poWer control infor 
mation received by said receiver from said base station, 

Wherein said subscriber station does not transmit payload 
data until it receives a selected amount of transmission 
poWer control information from said base station; 

Wherein said selected amount of transmission poWer 
control data is a portion of a ?rst transmission time slot; 
and 

Wherein, When said uplink channel is in polled mode and 
said subscriber station is selected to transmit for tWo or 
more contiguous transmission time slots, said sub 
scriber station transmits payload data for the entire time 
slot of each time slot it is selected for after said ?rst 
time slot. 

23. The subscriber station of claim 22 Wherein, When said 
constructed frame of data is transmitted over said uplink 
channel in random mode, said doWnlink signaling channel 
subsequently provides an indication of successful reception 
at said base station of said constructed frame of data. 

24. The subscriber station of claim 22 Wherein said 
constructed frame of data includes an indication of the 
amount of data Waiting to be transmitted from said sub 
scriber station. 

25. The subscriber station of claim 24 Wherein said 
indication further includes an indication of the priority of the 
data Waiting to be transmitted. 

* * * * * 


